is meant to describe the physics of systems in which two types of electrons, one filling a relatively broad conduction band, the other a narrow band, are allowed to hybridize. In what follows we call them d and f electrons. The interactions within the bands are denoted by U d and U f , respectively. In the present work we restrict ourselves to the half-filled paramagnetic case, that is, when there are N ↑ = N ↓ = N up-and down-spin electrons in an arbitrary dimensional lattice with N lattice sites, each of which has one d and one f orbital.
Moreover, we restrict ourselves to the symmetric case, where an equal number of d and f electrons is present on the average. This is realized when ε f = (U d − U f )/2, if the energy is measured from the center of the d band [1] .
In our previous study of this model [1] , in which we used two very different methods: a variational calculation using the Gutzwiller type wave function and exact diagonalization, we were mainly interested in the effect of the on-site interaction U d between conduction electrons on the f -electron physics. In the present study we examine the effect of d-f
hybridization (V ) and of the interaction U f between f electrons on the Hubbard physics, that is on the eventual metal-insulator transition at half filling.
In the Gutzwiller-type treatment of the half-filled Hubbard model, the metal-insulator transition, which is known in this case as the Brinkman-Rice transition [2] , occurs at a finite 
II. CALCULATION BY EXACT DIAGONALIZATION
First, we perform exact diagonalization of the model on finite chains, where the kinetic energy of conduction electrons moving along the chain is described by hopping between nearest-neighbor d orbitals with hopping rate t. The results in this section are valid for a chain, for a one-dimensional model. In the next section we discuss a variational method, which might be relevant for higher dimensional models. 
III. VARIATIONAL CALCULATION
We summarize the main steps of the variational calculation following Ref. [4] . The trial wave function is chosen in the form
where the Gutzwiller projectors,P d G andP f G , which contain the variational parameters η d and η f , are written aŝ
The variational parameters, η d and η f , depend on U d and U f , respectively. Performing the optimization with respect to the mixing amplitudes, u k and v k , we get
for the ground-state energy density, where q d denotes the kinetic energy renormalization factor of d electrons given by
which is formally identical to the expression found in the Hubbard model [5] . The renormalized hybridization amplitude is nowṼ = V √ q d q f ; the other notations are the same as in our previous paper [4] , and the self-consistency condition is given by
The summation over k can be carried out assuming a constant density of states, ρ(ε) First, we find that for U f = 0, ν d never becomes zero, just as it was obtained by the exact diagonalization for a finite chain, that is, the Brinkman-Rice transition does not occur. We can calculate the asymptotic behavior of ν d for large value of U d from the following analysis. 
Second, we find that the Gutzwiller method leads to a Brinkman-Rice transition for any Third, when U f is large enough and ν f is exponentially small even for small U d , that is, when the system is the Kondo regime, the ν d − U d curves become straight lines and coincide to the known behavior of the Hubbard-model. In the limit U f ≫ W we obtain:
where
The scenario is the same for weak or strong hybridizations.
The results described above indicate that a phase boundary can be defined in the three- 
